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SI 1. XRD, FT-IR, SEM, TEM and XPS analysis
Calcareous aridisol (CA) soil was characterized by Fourier Transform Infrared (FT-IR) spectroscopy, X-ray diffraction (XRD), scan electron microscopy (SEM), and transmission electron microscopy (TEM). FT-IR measurement was mounted on a Bruker EQUINOX55 spectrometer (Nexus) in KBr pellet at room temperature. XRD pattern of the CA soil was obtained from the Panalytical X'Pert PRO equipment with a rotation anode using Cu Kα radiation (λ = 0.15406 nm). XRD device was operated at 40 kV and 80 mA, and the measurements were carried out in the range of 2 0 ≤ 2θ ≤ 70 0 . SEM images were collected using a Hitachi S-4800 type instrument. Prior to analysis, the CA soil was sprinkled onto adhesive carbon taps supported on metallic disks. TEM images were taken of each sample using a Philips CM10 type microscope at 200 kV. A Rh-Co grid was dipped in a glue solution and representative sample was distributed over the grid. The batch filtered samples were dried at T = 25 ± 1 °C under N2 conditions before the XPS analysis. The XPS data were obtained with an ESCALab220i-XL electron spectrometer from VG Scientific using 300 W Mg Kα radiation. The pressure in the analysis chamber was maintained below 3×10 -9 mbar.
The binding energies of carbon species, i.e., C 1s line at 284.8 eV, was used to correct the observed binding energies for surface charging.
Fig . S1 showed the typical SEM and TEM images of the CA soil. CA soil has sheet-like amorphous aggregates and a layer structure, which results in the rough surface of the CA soil (Fig. S1a) . The special structure of CA soil indicates that it owns strong adsorption ability and high capacity for metal ions. Form Fig. S1b , it is clearer that CA soil exhibits irregular layer structure and platy shape, and the irregular size is about 200-500 nm. The FT-IR spectrum of the CA soil is shown in Fig. S3 . The peak at 3620 cm 
SI 2. EXAFS samples preparation, data collection and analysis
For EXAFS analysis, NiO powder was purchased from Sinopharm Chemical Regent Co. The standard sample of Ni(II)aq was obtained from dissolving higher purity nickel powder (Sinopharm Chemical Regent Co.) using nitric acid. The Ni(OH)2(s) was prepared by adding 550 mL 30% ammonia to 500 mL of 1.0×10 -3 mol/L Ni(NO3)2 solution. The mixture solutions were vigorously stirred and purged N2; after 2 hours, the suspension was centrifuged and washed with Milli-Q water in six cycles, shock-freezed in liquid N2 and freeze-dried. Ni-Al LDH sample was prepared by controlled hydrolysis according to reference (4) . The amounts of Ni and Al (added as Ni(NO3)2· 9H2O and Al(NO3)3· 9H2O) were adjusted to give Ni/Al ratio (3:1), then 400 mL of both solutions were combined in a 500 mL flask under vigorous stirring. The pH was gradually raised to 6.9 by discontinuous addition of 2.5 mol/L NaOH and then kept constant for 5 hours using an auto-titrator. The precipitation was Ni(II) addition in reasonable delay (5) . Finally, the suspension was allowed to equilibrate for 2 days. The samples were recovered by filtration using 0.25 µm membrane, and sealed into the polyethylene bag for EXAFS measurement. It was noted that all the metal solutions were purged with N2 and NaOH solution was freshly prepared to minimize the uptake of carbonate.
A series set of Ni K-edge X-ray absorption spectra at 8333 eV were recorded at the Shanghai Synchrotron Radiation Facility (SSRF, China). The beam line energy of X-ray was equipped with a fixed-exit double-crystal Si (111) monochromator, the electron beam energy in the storage ring was 3.5 GeV, and a maximum current of 220 mA was used. The ionization chambers with N2 or Ar atmosphere were used to collect the Ni K-edge spectra in fluorescence mode at ambient temperature. A 29-element pixel high purity Ge solid-state detector was used to collect the fluorescence signal.
Prior data collection, the energy was calibrated to the first inflection point on the K absorption edge of a Ni foil standard (E0 = 8333 eV). Solid samples were loaded into individual acrylic holder, whereas a special quartz container was applied to hold the aqueous standards. The data were collected at the Ni K-edge over the energy range of 8233-9322 eV.
Addition and normalization of X-ray absorption spectra, extraction of EXAFS oscillations and data analysis were performed with ATHENA and ATERMIS interfaces to the IFFEFIT software. The EXAFS oscillations were isolated from the raw, averaged data by removal of the pre-edge background, approximated by a first-order polynomial. The energy axis (eV) was converted to photoelectron wave vector units (Å -1 ) by assigning the origin, E0, to the first inflection point of the absorption edge. The resulting (k) functions were weighted with k 3 to compensate for 7 the dampening of the EXAFS amplitude with increasing k and were Fourier transformed to obtain radial structure functions (RSFs). The amplitude reduction fact, (S0) 2 , was fixed at 0.85. A good fit was determined on the basis of the minimum residual error (Rf). The Debye-Waller factor (σ 2 ) and energy shift (ΔE0) were allowed to vary during this optimization. The theoretical backscatter phases and amplitudes used in data analysis were calculated with the scattering code FEFF 7.0 using the crystal structures of Ni(OH)2 (6), NiO (7) and NiAl2O4 (8) .
SI 3. Effect of temperature on Ni(II) sorption on the CA soil
From the thermodynamic data (see Table S2 ), the values of enthalpy change -weighed Ni K-edge EXAFS for Ni(II) sorption to CA soil at pH 6.7±0.1 for different ionic strengths. 1: 0.1mol/L NaClO4; 2: 0.01mol/L NaClO4, 3: 0.001 mol/L NaClO4.
